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Abbreviation  Full Name 
ISO  International Standardization Organization 
TSP  Total Suspended Particulates 
PM  Particulate Matter 
PM 10  Particles with diameters of 10 μm or less 
PM 2.5  Particles with diameters of 2.5 μm or less 
VOCs  Volatile Organic Compounds Head Space 
PAHs  Polycyclic aromatic hydrocarbon 
WSPE  Water-soluble PM 2.5 extracts 
EPA  Environmental Protection Agency 
DEP  Diesel Exhaust Particles 
WHO  World Health Organization 
LARC  the International Agency for Research on Cancer  
PolⅡ  RNA Polymerase Ⅱ 
CTD  C-terminal domain 
TBP  TATA-binding protein 
TAF  TATA-associated factor 
















CDK9  Cyclin denpendent kinase 9 
DRB  Daunorubicin 
HIV-1  Human immunodeficiency virus type 1 
Tat  HIV-1-encoded transactivating protein 
HEXIM1  HMBA inducible protein 1 
LARP7  La ribonucleoprotein domain family, member-7 
MePCE 
 S-adenosylmethionine-dependent 
methylphosphate capping enzyme 
7SK snRNP 




 Super elongation complex,  
AFF1/4、ELL2、ENL/AF9、P-TEFb 
BET  Bromodomains and extraterminal 
Brd4  Bromodomain-containing protein 4 
EMT  Epithelial Mesenchymal Transition 






















空气污染物 PM 2.5 的排放量急剧上升。表面吸附有大量有毒致癌物质的 PM 2.5
可通过呼吸作用进入呼吸道深处，沉积于肺泡表面，也可穿过肺泡进入血液循环
系统进而影响其他器官的功能。有研究数据表明，长期暴露于 PM 2.5 可导致胚
胎发育缺陷、心血管疾病发作、加重哮喘与肺功能损伤并引发肺癌等危害。肺癌
是一种发病率很高的肿瘤疾病，人类长期暴露于高浓度的 PM 2.5 也会使肺癌的
致死率增加。 
本文主要研究了 PM 2.5 对人肺腺癌细胞 A549 增殖和基因转录延伸的作用
与机制。MTT 实验结果表明 PM 2.5 可以抑制 A549 细胞以及其他多种细胞的增
殖，流式结果显示 PM 2.5 可引起 A549 细胞凋亡和细胞周期阻滞。划痕实验和
Transwell 实验表明 PM 2.5 可以促进肺癌细胞的迁移和侵袭，这也说明了 PM 2.5
可导致肺癌恶化的原因。P-TEFb 是由 CDK9 和 Cyclin T 组成的正性转录延伸因
子，它可通过磷酸化 PolⅡSer2 以及负性转录因子 NELF 和 DSIF 的 Spt5 亚基进
而促进基因转录延伸。Western Blot 结果显示 PM 2.5 使 PolⅡSer2 与 Spt5 的磷酸
化水平下降，说明 P-TEFb 的磷酸化活性受到了抑制。Brd4 和 HEXIM1 是 P-TEFb
的主要调节因子。Brd4 可以募集游离的 P-TEFb 至染色质从而促进转录延伸；P-
TEFb 与 HEXIM1、LARP7 和 MePCE 等组成无转录活性的 7SK snRNP 复合体。
核抽提结果中显示细胞核中游离的 Brd4 减少，IP 结果显示 P-TEFb 与 HEXIM1、
LARP7 和 MePCE 的结合增多，表明 P-TEFb 由与 Brd4 组成的复合体向 7SK 
snRNP 复合体转化，这样转录延伸势必会受到抑制，qRT-PCR 数据分析得知 Brd4
下游基因如 C-myc 等的 mRNA 含量减少也证实了这一结果。PM 2.5 引起的多种
组蛋白修饰的变化可能也与基因转录活性降低以及肺癌细胞迁移能力增强有关。
综上所述，本研究证明了 PM 2.5 可抑制 A549 细胞增殖，促进 A549 细胞上皮间
质转化，而且 PM 2.5 可影响基因转录的起始与延伸步骤，使 P-TEFb 向非活化状


















  For the past decades, emissions of air pollutants PM 2.5 sharply increased with the 
rise of domestic energy industry, manufacturing industry and vehicle population. 
Numerous of toxic carcinogenic substances stick to the surface of PM 2.5, which can 
be deep into the respiratory tract by respiration and deposite on the alveolar surface or 
even pass through the alveoli to involve the blood circulatory system thereby affecting 
the function of other organs. Studies have indicated that long-term exposure to PM 2.5 
can lead to embryonic development defects, cardiovascular disease attack, asthma 
exacerbations, pulmonary dysfunction and even lung cancer. Lung cancer is a high 
morbidity neoplastic disease. Long-term exposure to high concentrations of PM 2.5 will 
also increase in the mortality the lung cancer. 
In this study, we described the effects and mechanism of PM 2.5 on A549 cells 
proliferation and gene transcription elongation. The MTT assay indicates that chronic 
exposure to PM 2.5 can inhibit A549 and multiple cells proliferation. We find that PM 
2.5 induces cell cycle arrest and apoptosis. The effects of PM 2.5 on migration and 
invasion show in the wound healing assay and transwell assay indicate that PM 2.5 
promotes epithelial mesenchymal transition of A549 cells, which could be the cause of 
PM 2.5 can lead to deterioration of lung cancer. P-TEFb is composed of CDK9 and its 
regulatory partner Cyclin T. P-TEFb functions by phosphorylating Ser2 within the CTD 
of Pol II and other two negative transcription elongation factors, DSIF and NELF. Our 
results show that phosphorylation of PolⅡSer2 and Spt5 are down regulated by PM 
2.5, which means the phosphorylation activity of P-TEFb was inhibited. Brd4 and 
HEXIM1 are the two major regulators of P-TEFb. Brd4 functions to recruit P-TEFb to 
active promoter through its affinity to acetylated histones. The kinase inhibitor 
HEXIM1 and other auxiliary proteins, LARP7 and MePCE sequester P-TEFb into an 
inactive complex known as 7SK snRNP. We find that PM 2.5 decreases the free Brd4 
















this case, transcription elongation bound to be suppressed, and the qRT-PCR analysis 
shows the reduction of Brd4 downstream genes such as C-myc mRNA levels also 
confirmed this conclusion. Multiple histone modifications changes caused by PM 2.5 
may also decrease gene transcriptional activity and enhance the migration ability of 
A549 cells. All these evidences indicate that long-term exposure to PM 2.5 can inhibit 
cell proliferation and promote epithelial mesenchymal transition of A549 cells. PM 2.5 
can also promote the conversion of activated P-TEFb to non-activated state to influence 
the elongation steps of gene transcription, that result in decreased overall cell gene 
transcription and then down-regulated cell proliferation. 
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占了 8 个。 
1.1.2 PM 2.5的定义 
PM 2.5 是空气颗粒物污染中的一种。按颗粒物的粒径可以把颗粒物分为总
悬浮颗粒物（TSP）与可吸入颗粒物（PM 10 和 PM 2.5）。TSP 是指空气动力直
径小于或等于 100 μm 的颗粒物。PM 10 是指空气动力学直径小于或等于 10 μm
的颗粒物。PM 2.5 是指空气动力学直径小于或等于 2.5 μm 的颗粒物，也被称为
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